Objectives: Over the past two decades, a large interest in cardiac marker elevations has developed in endurance sports events. The intense effort is not without risk. We aimed to see if the relatively cardiospecific biomarkers could show the damage on cardiac muscle cells. Methods: Fourteen cyclists were recruited for an international race (177 km). We studied different cardiac biomarkers, renal function markers and blood cytology. The subjects were submitted to three blood test: one before (T0), one just after (T1) and the last one 3 hours after the race (T3). Results: Blood cytology markers, namely erythrocytes, hemoglobin, hematocrit, and average hemoglobin concentration, were found to evolve in a similar way. Renal function markers, such as creatinin, cystatin C and uric acid, showed a post effort increase that might be related to renal blood flow depletion during exercise. Cardiac and muscular markers were all increased at T1. Conclusions: Physiological stress induced by an international cycling race certainly has consequences on cardiac muscle cells. Fortunately, those blood concentration variations are more representative of a transitional state, due to an imbalance created by an intense aerobic effort maintained during several hours, rather than an irreversible injury.
was "La Flèche Ardennaise", a race of 176.9 kilometers. The group of individuals was selected for maximal homogeneity. Their annual training volume was between 10,000 and 16,000 kilometers in 4 to 6 training sessions per week. Excluding the 2-month winter period, this represents a monthly average of 1000 to 1600 kilometers.
The rhythm of races is comparable and averages 35 km/h, depending on the race's difficulty. In fact, the evening before such an event cyclists had the habit of going out for a short, low intensity workout intended to stimulate muscle groups for the following day.
The cardiac frequency was recorded via a cardio-frequency meter. Three blood tests were taken. The first blood test, T 0 , was taken approximately 2 hours before the start of the race and was intended to gather values which would act as references for the following tests. The second blood test, T1, was realized within 5 minutes of their arrival (mean 4 h 50 min 34 sec). The third and final blood test, T3, was taken 3 hours following their arrival. The High sensitive C-reactive protein (hsCRP), NT-proBNP, CK and CK-MB, myoglobin (MYO) were measured on the Roche Diagnostic modular E (Manhein, Germany). The blood cytology, composed of erythrocytes, hemoglobin, hematocrit, was performed on the Sysmex Cellavision (Kobe, Japan). Homocystein (HCY) and Cystatin C (CysC) were analysed on the BNII (Siemens, Munich, Germany). All automated assays were performed according to the manufacturer's specifications. An absorbance measure was carried out after lysis of the red blood cell for erythrocytes, hemoglobin and hematocrit on the Sysmex Cellavision (Kobe, Japan). The biochemistry parameters as creatinin was measured by colorimetry, uric acid by spectrophotometry, CK by photometry, hsTnT, NT-proBNP, MYO and CK-MB by electrochemiluminescence on the Roche Diagnostic modular E (Manhein, Germany). The HCY determination was performed by liquid chromatography coupled to a fluorescent detector. Cystatin C were determined by nephelometry on the BNII (Siemens, Munich, Germany).
For the statistical analysis, an ANOVA and post hoc test of Scheffé were calculated with the Statistica Software version 9.1. Results were considered significant at the level of uncertainty of 5% (p < 0.05).
Results
Before sixteen cyclists participated at the start of our study but two subjects dropped out. Fourteen cyclists finished the race (mean time to do the race was 4 h 50 min; mean speed of 35 km/hour). Their main biometric and physiological characteristics are shown in Table 1 . We noticed an important significant variation in the cardiac frequency between T0 and T1 (p < 0.0001), T0 and T3 (p < 0.0001), and T1 and T3 (p = 0.006). Table 2 shows the results obtained for the different biomarkers. We observed an important variation of the red blood cell concentration between T0 and T3 (p = 0.0026), as well as a significant increase in hemoglobin between T0 and T3 (p = 0.002). Hematocrit significantly increased between all times (p < 0.0001 between T0 and T3, p = 0.0451 between T0 and T1 and p = 0.029 between T1 and T3). We observed significant variations for creatinin and cystatin C between all times T0 -T1: p < 0.0001, T1 -T3: p = 0.0326 and T0 -T3 p = 0.0001, and T0 -T1: p < 0.0001 and T0 -T3: p < 0.0001 respectively. Uric acid showed a significant difference between T0 and T1 (p < 0.0001) and between T0 and T3 (p < 0. 0001). Myoglobin increased significantly between T0 and T1 (p < 0.0001). Myoglobin levels then decreased between T1 and T3 with the T3 levels remaining higher than T0 (p = 0.014). HsTnT increased significantly between T0 and T1 (p < 0.0001) and stayed high 3 hours after the end of the exercise (T0 -T3: p < 0.0001) (Figure 1) .
At T0, the values obtained for NT-proBNP showed an average value of 40, 8 ± 9 pg/ml. The reference values established in our laboratory are 5 -103 pg/ml for the age range that we analysed. The values obtained from our subjects were thus inside the normal range, but we noted an increase with time. Some subjects were above the upper reference value at T1 (average value at T1: 80.6 ± 16 pg/ml). The intense exercise produced during the race induced a significant variation of NT-proBNP. We observed the same kinetic as for HsTnT. We noticed statistically significant variation between T0 and T1 (p = 0.0037) and between T0 and T3 (p = 0.0432) (Figure 2) . The last parameter showing a significant variation in time was homocystein, with an increase between T0 and 
Discussion
In cycling as in other types of strenuous exercise, there exists a risk of sudden death [21] - [23] . It is important both to understand its causes and to see if the behavior of certain biomarkers might highlight athletes at risk. Many reports describe changes in biomarkers after strenuous exercise [18] [24]- [32] , but interpreting these changes, and notably distinguishing normal physiological responses from pathological changes, is not easy.
Here we have focused on the kinetics of 14 different biomarkers (cytological, cardiospecific, muscle-related, or indicative of inflammation or renal function) in a group of young, trained cyclists participating in a 177 km cycling race. Our primary aim was to provide "typical" values of a broad panel of markers for this type of exercise and this category of subjects. We were also interested in any changes that might reflect exercise-related cardiac damage. The cytological biomarkers hemoglobin and hematocrit were found, generally, to decrease both during and in the three hours following the race, probably because of substantial hydration and/or red cell destruction. Between the start and the end of the race, most of the other biomarkers (CK, CK-MB, MYO, HsTnT, NT-proBNP, cystatin C) were found to increase [33] . A notable exception was the inflammation marker hsCRP, but in a study of 102 marathon runners, for example, high levels of this marker were not found until 24 hours after the end of the race [34] . Homocysteine levels showed no clear pattern of change in our study.
We were most interested in the cardiospecific biomarkers hsTnT, the marker of choice in the diagnosis of myocardial lesions [5] [8] [9] , and NT-proBNP, used in the diagnosis and prognosis of cardiopulmonary disease [35] .
At the start of the race, three of our cyclists showed levels of hsTnT below the reference level. At the end of the race, all of them showed a rise above the cut-off 14 ng/L. It is worth noting that the cyclists with the highest pre-race levels showed only a moderate post-race increase. Other authors have reported elevated hsTnT levels after endurance exercise. Indeed, Middleton et al. [36] measured cTnT in a group of 9 males runners completing a laboratory based marathon. Therefore, the discrepancy in post-exercise cTnT release between previous study is likely due to the methodological differences and the timing of blood draws post-exercice. The hypothesis is that cTnT release is a normal physiologic response to exercise, and that without signs of cardiac pathology, it does not warrant worrying [37] . In their above-mentioned study of marathon runners, Scherr et al. [34] observed an interquartile range of 19.25 -46.86 ng/L immediately after the race. This is in good agreement with our data, showing that at T1, three of the fourteen cyclists (21%) had values below 19.25 and ten of them (71%) had values below 46.86. According to these results we could think that we have too a notion of high and low responders as with the CK, well described in the work of Hody et al. [38] . It is noteworthy that 72 hours after finishing the marathon, all but four of the runners in Scherr's study [34] showed hsTnT levels that had returned to normal. Eight cyclists had a lower level at T3 than at T1, and six showed a higher level at T3 than at T1. In a laboratorybased marathon, Middleton et al. [36] observed measurable baseline levels of cTnT in 9 out of 9 healthy, well-trained male runners and a biphasic pattern of cTnT release in 8 of them. They concluded that the timing of blood draws can influence the results of cTnT measurements and may explain some discrepancies between studies. They also suggested that post-exercise cTnT release might reflect reversible cardiomyocyte membrane damage participating in a remodeling process.
Since cyclists 4 and 6 in Table 2 had levels above 100 ng/L at T1, a cut-off used in diagnosis of acute myocardial infarction, it is noteworthy that Scherr's team [34] sought and failed to detect any cardiac anomaly in the the five marathon runners having displayed the highest levels (147 -631 ng/L) immediately after the race. Likewise, Shave et al. [37] propose that exercise-induced cardiac troponin release is not a marker of exercise-induced pathology, but likely a transitory physiological response to exercise, such as release from the cytosolic pool. In contrast, Nielan et al. observed a correlation between elevated cardiospecific biomarker levels and post-race diastolic dysfunction, increased pulmonary pressure, and right ventricular dysfunction. Discussing the significance and possible mechanisms of cTnT release in a 2010 review, Shave et al. [37] finally leave the question open, but conclude that the available data "support a mechanism of release that is unrelated to frank myocardial injury". In our study, all of the cyclists showed an increase in NT-proBNP at T1, but most of the levels remained within the reference range. This increase is probably due to increased parietal pressure, as an increase in NT-proBNP can be a physiological response to increased ventricular pressure at the end of the diastole [1] . BNP is indeed known to reduce tension in the myocardial wall by increasing natriuresis and causing vasodilation [13] . In the above-mentioned study by Scherr et al. [34] , the interquartile range for the 102 marathon runners was 56.9 -149.7, as compared to our 5 cyclists (31%) below the lower limit of this range and 12 cyclists (87.5%) below its upper limit. It would be interesting to see if these results for our limited population reflect a true difference between exercise types/age groups/training regimens. For two of our cyclists, the level attained was more than twice the upper limit of the reference range. Interestingly, these were not the same two subjects who showed the highest hsTnT levels. They had no particular physical complaints during or after the exercise, although according to Tschöpe et al. [39] , this marker is useful for the detection of diastolic dysfunction in patients with exertional dyspnea. It seems that NT-proBNP is not a valid indicator of effort-induced myocardial ischemia [40] . Its elevation could then be considered a reaction to arterial hypertension induced by physical activity, since the myocardium is being put under important tensions during maximal efforts in aerobic exercises [41] .
Creatine kinase is not a cardiospecific biomarker [38] . Our present results correspond very well with those of Brun et al. [42] [43] , who observed an effort-intensity-related increase in CK. It should be mentioned, however, that the CK peak occurring after intense exercise typically occurs more than three hours after the end of the exercise [44] . In our cyclist study, it would have been interesting to measure biomarker levels after 24 h or 72 h, but the three-hour wait after the race was already an obstacle to recruitment, explaining the small size of the studied group.
CK-MB is the CK isoenzyme most specific to cardiac muscle tissue, and it is important to pay attention to its variations [45] , but it does not appear to be a good indicator of myocardial injury, especially in the context of strenuous exercise [4] [46] .
Myoglobin has very low specificity as a cardiac biomarker [47] , its one advantage in the context of acute myocardial infarction being its early rise (in contrast to cTnT). The changes in myoglobin and CK observed here probably reflect skeletal muscle damage rather than injury to cardiomyocytes. During the 1995 Boston Marathon, Siegel et al. [43] showed a post-effort increase of CK-MB and myoglobin, accompanied by an increase in hsTnI release, without demonstrating any presence of micro-infarction by myocardial scintigraphy.
What about the markers of renal function? Renal impairment is commonly observed after strenuous exercise. For example, in a study of 16 well-trained recreational cyclists participating in a 525 km extreme ultramarathon cycling (cumulative altitude: 12,600 m), Neumayr et al. [14] observed an average 20% rise in serum creatinine (as compared to 29% in our study at T1) and 40% rise in uric acid (34% in our study at T1). In a study of 70 marathon runners, Mingels et al. [48] observed a 41% increase in serum creatinine and a 21% increase in cystatin C (vs. 26% for our cyclists). The latter investigators also described cystatin C as a more reliable marker of renal function [48] . In both of the studies just mentioned, the changes were attributed to reduced renal blood flow during exercise. In these studies and ours, the levels of renal-function biomarkers decreased in the hours following the race, probably because of hydration and the restoration of renal perfusion.
Our results are thus in line with the biomarker levels observed in various studies focusing on the effects of strenuous exercise [14] . Our multi-marker, the greatest originality of this study, approach allows us, however, to seek links between marker variations in individual athletes. Perhaps our most interesting results concern cyclist number 6 ( Table 2) : this cyclist showed the highest levels of hsTnT and myoglobin, high CK, and high levels of renal function markers. As myoglobinemia can be indicative of renal impairment [49] and as cTnT is degraded and then eliminated via the kidneys, this points to a particularly strong impact of exercise on renal function in this individual. The dehydration objectified by the hematocrit was probably the reflect of the renal impairment. Regarding hsTnT, however, it should be noted that the other cyclists showing an unusually high level of this biomarker had reasonable levels of renal markers.
Also interesting is the fact that both subjects showing the highest hsTnT levels at T1 had unexceptional NT-proBNP levels, and the two individuals having the highest NT-proBNP levels had unexceptional hsTnT values. These two markers would thus appear to give independent types of information on the effect of exercise on the heart. Due to the various mechanisms in cause, the impact on NT-pro-BNP and TnT is not the same. It should thus necessary to characterize the response of the left ventricle, the right ventricle and auricles to explain these different responses. To interpret these values, it is necessary to remember that the intra-individual biological variations can go up to 70% for NT-proBNP and 30% for cTnT [50] . However, as variations of 100% for TnT and from 11% to 200% for NT-pro-BNP were observed, these observations could be really due to the effort and not due to intra-individual biological variations. Both of these markers are eliminated via the kidneys, but of course the serum level reflects a balance between release (to be explained) and degradation (to be measured). One of the high-NT-proBNP cyclists had fairly high levels of renal markers, but the other did not.
Conclusion
We provide simultaneous kinetics for 14 biomarkers (cytological, cardiospecific, and muscle-, inflammation-, and renal-function-related) in young, trained cyclists having completed a 177 km race (blood levels just before, just after, and 3 hours after the race). The results are in line with those of other studies on endurance athletes and are probably not indicative of any permanent damage to the heart. Concentrating on the most extreme observed rises in cardiospecific biomarkers, we note that the individuals showing the highest hsTNT levels are not the same as those showing the highest NT-proBNP levels. This suggests that independent mechanisms explain these unusually high levels. In one individual showing a high hsTNT level, renal impairment may be at least partially to blame. Thus in conclusion, we observed that physiological stress induced by a cycling race has transient consequences on cardiac muscle cells rather than an irreversible injury. Thus this study is reassuring for competitive cyclists but the accumulation of these transient damages could perhaps lead to a progressive cardiac fibrosis but thus is still to be demonstrated.
